Background Data: Several methods of treatment have been reported for the management of aneurysmal bone cyst (ABC) of the spine. Incomplete excision has been associated with a high local recurrence rate. Purpose: To review a personal case series of fifteen cases of ABC of the spine treated by complete intralesional resection and to present the clinical and radiological results. Study Design: Retrospective review of the clinical and radiological data. Patients and Methods: Fifteen patients, 8 males and seven females with mean age of 12.7 years underwent complete intralesional resection of ABC lesions of the spine with reconstruction. All patients presented with local axial spine pain, 60% with radicular pain, 47% with a neurological deficit, 13% with painful scoliosis and 13% had a palpable mass. Thirty three percent had previous attempts at surgical resection. Results: Mean operative time was 6.4 hours and mean estimated blood loss was 1850 ml. Mean follow up was 52.9 months. Eighty six percent of those with a preoperative neurological deficit showed a complete recovery. All patients obtained a solid fusion or were radiologically healed at final follow up (52.9 months). Conclusion: Complete intralesional excision of ABC lesions of the spine is an effective method of treatment. Attention to reconstruction of the spine is mandatory and should be individually tailored to each case. This surgical strategy eliminated local recurrence in this case series. (2012ESJ027)
Introduction
Aneurysmal bone cyst (ABC) was initially described as a distinct clinicopathological entity by Jaffe and Lichtenstein in 1942. 9 Although these lesions are generally regarded as nonneoplastic in nature, they are expansile tumours containing thin-walled, bloodfilled cystic cavities, and they frequently affect the paediatric population. Aneurysmal bone cysts comprise approximately 1% of all primary bone tumours and 15% of all primary spine tumours. 1, 11, 18, 21 Approximately 10 to 30% of ABC cases involve the spine, most commonly in the thoracic and lumbar regions. In these cases, the lesions generally arise in the posterior elements of the spine and can expand and extend into the pedicles, vertebral body, and spinal canal, resulting in pathological fracture and neurological compromise. 1, 3, 4, 8 Management of ABCs of the spine requires special consideration due to the relative inaccessibility of the lesions, the proximity of the lesion to the neural structures, and the potential for postoperative spinal instability and deformity. 1, 7 A number of methods have been described for the treatment including surgery, radiotherapy, embolization and a combination of these. Simple curettage has been associated with a variable rate of local recurrence. Mankin et al 12 reviewed 150 cases of ABC treated by curettage. They reported 20 % rate of local recurrence. Papageloupolos et al 16 reported 10% local recurrence rate. Ozaki et al 15 reported that nine patients who underwent complete excision did not suffer a local recurrence, whereas two who underwent curettage alone experienced local recurrences. Hay et al 8 reported no recurrences after total excision and a 25% recurrence rate for partial excision. Total excision must include the entire cyst wall, all abnormal tissues that feel spongy, and bone surfaces that are lined with fragile and hypervascular membranes.
This study is a retrospective review of the author's case series of spinal ABC treated by complete intralesional excision and reconstruction. The clinical and radiological results are presented.
Patients and Methods
Fifteen patients with aneurysmal bone cyst of the spine treated between January 2001 and June 2007 were reviewed. There were 8 males and 7 females. The mean age at the time of surgery was 12.7 years (range 4-19 years). All patients presented with local axial spine pain. Nine patients (60%) complained of radicular pain, seven (47%) presented with a neurological deficit, two (13%) with painful scoliosis and two (13%) had a palpable mass. Five patients (33%) had previous attempts at surgical resection (up to four surgeries) and presented with a local recurrence.
All patients had plain radiographs, a CT scan and an MRI. Lesions were located in the lumbar spine in six patients (40%), thoracic spine in four (26.7%), in the cervical spine in four (26.7%) and in the sacrum in one (6.6%). Twelve patients (80%) showed fluidfluid levels on the MRI. The local extent of the lesion was assessed using the Weinstein-Boriani-Biagini Lesions were also staged according to Enneking 5 , thirteen were grade 3 (benign aggressive) and two grade 2 (benign active). The patients' data are depicted in table (1). In the five patients who had previous surgery, the pathology slides were reviewed by an experienced pathologist and in all five the diagnosis of primary ABC was confirmed. Nine patients had characteristic radiological features of ABC and in these an intraoperative frozen section confirmed the diagnosis. In one patient, the characteristic radiological features were lacking, a core needle biopsy was performed under CT guidance. Pathological features of ABC were found.
Ten patients underwent a posterior surgical approach for resection of the lesion and five had a combined anterior and posterior approach. Twelve patients had instrumented reconstruction and fusion after the resection because of the presence or the risk of spinal instability after the completion of the resection. Two patients had non-instrumented fusion; one (Case 7) had resection of one facet and pedicle at T1 with preservation of the contra lateral facet and underwent an uninstrumented fusion. The other (Case 6) was a four year old patient that had a previous attempt of resection and developed a local recurrence at C5-7. The anterior column was reconstructed with a strut of fibula without anterior plating, followed by posterior resection. Postoperatively the patient was placed in a Minerva plaster cast for three months. He showed an excellent recovery and when last seen 5 years post surgery, was completely asymptomatic with a solid bony fusion. The sacral lesion (Case 15) underwent resection without fusion.
The technique of resection involved a wide exposure attempting to surround the tumour initially without getting into the lesion. Instrumentation anchors were then inserted as needed. At this stage the resection of the lesion began, the walls were excised as well as all the available tissue and septa within the lesion. The dural sac was identified and a fibrous layer commonly seen upon the dura is completely excised. The lesion surrounded the vertebral artery in four occasions, and in all these occasions the vertebral artery was formally exposed within the foramina transversaria anteriorly, posteriorly or both. This ensured a complete excision of the lesion. In three occasions the tumour extended laterally surrounding the nerve roots lateral to the spinal canal. Again the dissection exposed the involved nerve roots in these locations protecting them and ensuring a complete resection of the lesion (Figure 2 ). The operative time ranged from 2 to 11 hours (mean 6.4 hours). The estimated blood loss was 300 to 3800 ml (mean 1850 ml). 
Results
Patients were followed up for 28 to 86 months (mean 52.9 months). All patients reported improvement in their axial spine pain at their final follow up; ten reported complete resolution and five reported intermittent pain requiring occasional analgesia. All seven patients presenting with radicular pain had complete relief of their pain. Seven patients presented with a neurological deficit; six showed complete recovery of their deficit, while one patient remained unchanged at ASIA A with complete paraplegia. This was a patient who presented with a recurrent T5/T6 lesion with complete paraplegia (Case 3). No patient was downgraded neurologically by the surgery.
Radiological follow up included plain radiographs and occasionally CT scan and MRI. All patients showed bony fusion or complete healing without evidence of local recurrence at the final follow up (Figure 3) . One patient developed a post-operative pneumonia that required an extended hospital stay of ten days and IV antibiotics. One patient developed a low grade infection of the posterior wound. This required a three week period of IV antibiotics. His wound eventually healed without consequences. There were no neurological, implant related complications or pseudoarthrosis found in this series.
Discussion
This case series have shown a wide local extent of the lesion and therefore has required more extensive reconstruction. This may be related to the aggressive behaviour of the lesions in this series and a delay in the diagnosis. Reconstruction has required individualized surgical planning and execution depending upon the site, the extent of the lesion and the age of the patient.
Nine patients (90%) of those with thoracic and lumbar lesions (N=10) had a posterior approach and one (10%) had a combined anterior and posterior approach. De kleuver et al 4 showed that the anterior approach had a significantly lower local recurrence than the posterior approach. We believe that this is not really related to the approach but rather to the completeness of the excision. Indeed, 60% of their patients who had incomplete excision suffered a local recurrence. Thus, in their series, the posterior approach represented an incomplete excision and therefore higher local recurrence. In this series, the posterior approach was an extensible one; following the lesion through the destructed pedicle into the vertebral body with thorough excision of the lesion and using a high speed burr. A costo-transversectomy was added to improve the exposure in two thoracic lesions (Cases 8, 9 ). An anterior approach was used, in addition, in one case; a case with a recurrent lesion, paraplegia and extensive destruction (Case 3). All of our cervical cases (N=4) had a combined anterior and posterior approach. Others have reported a similar technique. 10, 17, 19 In addition, an exposure of the vertebral artery either anteriorly, posteriorly or both was performed, depending upon the local extent of the lesion, that allowed a complete excision of the tumour.
Garg et al 7 described a surgical technique using a four-step approach of intralesional curettage, high-speed bur, electrocautery, and bone grafting for treating spinal ABC. They reported elimination of recurrence (0/8 cases) using the four-step approach compared with traditional intralesional curettage and bone grafting (4/4 cases). The technique described in this series is slightly different; no electrocautery was used in this series, however, an aggressive curettage using a high speed burr and completely excising the walls back to normal looking healthy tissues has been used. Others have reported elimination of local recurrence with total excision.
Boriani et al 1 have suggested en-bloc excision of ABC lesions located posteriorly, WBB sectors 9 to 4. In our view, en bloc excision is just not warranted being an overtreatment for such a benign lesion but also can be difficult to perform because of the gross texture of the lesion. The cystic component and the friability of the walls make it difficult to handle it en bloc. Complete intralesional resection with complete excision of the wall back to healthy looking tissues has eliminated local recurrence in this series.
Five patients (33%) had one to four previous surgeries, where incomplete intralesional resections were performed. In a sense, this gives the rate of local recurrence after incomplete resection of these lesions. In addition, it reflects the aggressive behaviour of these lesions. The presence of previous surgery has added to the complexity of our surgery, however the goals remained the same; a complete intralesional resection with complete excision of the wall back to normal looking healthy tissue. In all five patients, no local recurrence of the lesion was observed at the latest follow up.
Boriani et al 1 believed that selective arterial embolization should be the first line of treatment for spinal ABC. However, patients with pathologic fractures, neurologic involvement and high cervical and low thoracic locations are not suitable for embolization and surgery is indicated. Thirteen patients (87%) of this series fell within these exclusion criteria and were therefore unsuitable for embolization.
Several authors have reported the use of preoperative embolization to decrease intraoperative bleeding. 1, 13 No preoperative embolization was used in this series. Although intraoperative bleeding can be significant, this was controlled by the excision. The surgical strategy of surrounding the tumour and inserting implant anchors before attempting the excision had two values: first it helped with the identification of the walls of the lesion and therefore the completeness of the excision and second, the decrease of the blood loss by delaying the entry into the lesion. The swift excision decreased the bleeding; the more excision of the tumour the less the bleeding becomes. Fay et al 6 have reported intralesional injection of fibrin glue during surgery to decrease the bleeding. This seems to be an interesting idea although we have no experience with it.
Local adjuvant, like cryosurgery, has been reported to extend margins of resection in benign aggressive lesions. However, the risk of damage to neural structures is a concern when applying it to the spine. 20 This was the reason for avoiding it in this series.
Recently, an oncological origin for primary ABC has been suggested. An oncogene has been found in these lesions identifying the spindle cell as the neoplastic cell. This oncogene was absent in all other cells within the lesion as the giant and endothelial cells.
14 These spindle cells are found within the walls of the lesion. These findings may support the clinical experience here and with others that complete excision including the walls significantly decreases or eliminates local recurrence.
Conclusion
Complete intralesional excision is an effective treatment of ABC lesions of the spine. Completeness means excising all parts of the tumour including the walls back to normally looking healthy tissues. Reconstruction is individually tailored to each case and depends upon the location, extent and age of the patient. This surgical strategy obtained excellent results and eliminated local recurrence in this case series.
